ABSTRACT
INTRODUCTION
Chicken meat is an important source of dietary protein, and the industry has developed high grade because of intensive farming techniques, comprehensive and balanced feeding, automation equipment, and other new technologies. However, diseases in production are problematic especially with the development of antibiotic-resistant bacteria. Therefore exploring safe, green and efficient addictive that increase immunity in broilers has become a research priority. Yucca schidigera (Agavaceae), commonly named yucca, a native plant in arid deserts of American southwest and Mexico, is also in Zhejiang Province, China grown as an ornamental. It is recognized as a source of sustenance and drug by native Indians due to its health-promoting activity (Patel 2012) , and already has possessed GRAS label as food supplements. Yucca powder and juice are available in the market, and their main applications are in animal nutrition, in particular as a feed additive to reduce fecal odors and ammonia, hydrogen sulfide and some other harmful volatile compounds in domestic animal excreta (Kelly and Kohler 2003; El-Saidy and Gaber 2004; Gaber 2006 ). Yucca extract (YE) contains steroidal saponins and polyphenols. The former fractions are involved in the reduction of ruminal ammonia as kinds of urease inhibitor, and have antiprotozoal activity due to their ability to complex with cholesterol of protozoal cell membranes causing cell lysis and death, furthermore, they also reduce total cholesterol and LDL levels in blood plasma. The latter fractions that founded in Y. schidigera bark contain resveratrol, which possesses antioxidant, antiplatelet, antimutagenic, antiviral, antiinflammatory and iNOS expression-inhibiting, also cancer preventing activities (Piacente et al. 2005) . The dietary supplementation with YE has positive effects on the growth rates, feed efficiency, and livestock health (Colina and Chang 2001; Duffy et al. 2001; Flaoyen et al. 2002; Kaya et al. 2003; Liang et al. 2009 ). Some studies have showed the potential of yucca as a source of antioxidants (Piacente et al. 2004; Fidan and Dundar 2008; Sobia et al. 2013 ). However, other experiments gave the opposite view (Oztasan et al. 2008; Yang et al. 2015) . Previous studies have yielded varying results, and no animal testing has been carried out in chickens to examine such effects. Furthermore, saponins are capable to stimulate the immune system and enhance resistance to a disease challenge (Cheeke 2001) . In addition, YE added in the diet was shown to be beneficial in nonspecific immunity of white shrimp (Yang et al. 2015) . In this study, on the basis of previous research, we examine the effects of 3 different dietary supplementation levels of YE on feed efficiency immune and antioxidative functions in broiler chickens.
MATERIALS AND METHODS

Animals and Diets
One hundred and twenty-eight fourteen-day-old birds of similar body weight were selected and randomly assigned to one of 4 dietary treatments with 4 replicate cages of 8 chicks per cage (100×50×50 cm 3 ). The control birds were provided the basal diet, and the treatment birds were fed on the basal diet supplemented with either 100, 200, or 300 mg/kg YE powder (Shaanxi Yuanzhixing Bioengineering Co., Ltd., Xi'an, China; extract of whole plant, content of saponins is not less than 40%). The basal diet was formulated according to the nutrient requirements recommended by the NY/T 33-2004 (Agricultural Industry Standards of People's Republic of China) for broilers and actual situation in Inner Mongolia, its composition for two experimental phases is listed in Table 1 . Experimental diets and water were available ad libitum during the experimental period. YE was mixed directly into the diets and provided in mash form. The experiments were conducted in accordance with the guidelines of Animal Care and Use Committee of Inner Mongolia Agricultural University. 
Sample Collection and Preparation
Live body weight (BW) of each bird and feed consumption were recorded when they are 14, 28 and 42 days old, then calculated the average body weight gain (BWG), average feed intake (AFI) and feed efficiency (FE) in the period of d 14 to 28, 28 to 42 and 14 to 42. Two broilers were chosen randomly from each replicate group at 28 and 42 day of age which had approximately average weight of the group. BW was recorded after fasting for 12 h, then the birds were slaughtered by bleeding the left jugular vein. Blood were collected into 5-mL normal vacutainer tubes and centrifuged at 4,000 r/min for 10 min. The serum was transferred and stored at -20℃ until analysis. The thymus, spleen, and bursa of Fabricius were removed and immediately weighed to calculate the immune organ index (g of organ/kg of BW).
Sample Analyses
The concentrations of immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), soluble CD4 (sCD4), and soluble CD8 (sCD8) in the serum were measured using chicken-specific IgG, IgA, IgM, sCD4, and sCD8 Elisa kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and automatic microplate reader (Stat Fax 2100, Awareness Inc., USA). Total superoxide dismutase (T-AOC), catalase (CAT), malondialdehyde (MDA), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD) were measured using commercial assay kits provided by Nanjing Jiancheng Bioengineering Institute. All the procedures were operated according to the manufacturers' instructions as described by Li et al. (2015) .
Statistical Analyses
Data were analyzed by one-way ANOVA with the procedure appropriated for a completely randomized design by the GLM procedure of SAS 9.0 (SAS Institute Inc., Cary, NC). The differences among treatments were tested by Duncan's multiple range test and were considered significant at P < 0.05; whereas a P < 0.10 was considered to constitute a tendency. The results are expressed as mean and standard error of the mean (SEM). Table 2 showed the effects of YE on feed efficiency in broilers. As a result of feeding YE, birds' BW had a trend to increase at day 42 (P = 0.083). The BWG of 100 mg/kg YE treatment was significantly higher from day 28 to 42 (P < 0.05) and tended to be higher from day 14 to 42 (P = 0.072) than the others. There was no difference among all the treatments in AFI (P > 0.05). The FE value of 100 mg/kg YE treatment was significantly upgraded at the latter period (P < 0.05), what's more, diets added 100 and 200 mg/kg YE enhanced FE compared to the control during the whole experiment (P < 0.05). 
RESULTS
Feed Efficiency
Immune Organ Index
The effects of YE on immune organ index in broilers are presented in Table 3 . The result showed that all the three organ indexes of 28 and 42 day-old birds were increased by 100 mg/kg YE as compared to the control, but the differences were not significant (P > 0.05). And so did the 200 mg/kg YE, except thymus index in 42 day-olds was decreased (P > 0.05). Diet added 300 mg/kg YE brought lower thymus index, bursa of Fabricius index and higher spleen index, however, the effect was not significant (P > 0.05). 
Serum Immunoglobulins
As shown in Table 4 , dietary supplementation of 100 mg/kg YE significantly increased the serum IgG level of broilers at 28 day of age while the 300 mg treatment decreased IgG level compared to the control (P < 0.001). The 100 mg treatment tended to enhance level of serum IgG in 42 day-olds (P = 0.082). However, serum IgA levels were significantly depressed in the 200 mg treatment in 42 day-olds and in the 300 mg treatment in both 28 and 42 day-olds (P < 0.001). On day 28, IgM level of 200 mg/kg YE treatment tended to be higher tan the control (P=0.087). However, in 42 day-olds, serum IgM levels in treatments of 100 and 200 mg/kg YE were significantly higher compared to the control (P < 0.05). 
Serum sCD4 and sCD8
The effects of YE on the concentration of sCD4 and sCD8 in serum of broilers are given in Table 5 . The sCD4 levels at 28 day had a trend to be decreased by 300 mg/kg YE (P = 0.078), and induced by 200 mg/kg reduced by 300 mg treatment at 42 day (P = 0.068). There was no difference of sCD8 concentration among all the treatments in 28 day-olds (P > 0.05); whereas, 200 mg/kg YE treatments had lower sCD8 level compared to the control in 42 dayolds (P = 0.093). Table 6 illustrates the effects of YE on antioxidative function in broilers. As a result of YE diet supplementation, T-AOC was upgraded in both 28 and 42 day-olds; the maximum value was in 200 mg treatment and the minimum was in the control (P < 0.05). The 200 mg treatment increased CAT levels in 28 day-olds (P < 0.05). This was not observed in all other YE treatments at 42 day (P > 0.05). There were no significant differences in the concentration of MDA among all the treatments in 28 day-olds (P > 0.05). On the other hand, the 300 mg treatment MDA levels were significantly lower than the control in 42 day-olds (P < 0.05). There were no significant differences of GSH-Px levels among the four groups at either 28 or 42 day (P > 0.05). The value of SOD in 28 day-olds increased by 30.97%, 33.32% and 31.22% for 100, 200 or 300 mg treatments, respectively, as compared to basal diet (P < 0.05). However, no significant differences were found among treatments at 42 day on SOD level (P > 0.05). 
Antioxidant Function
DISCUSSION
Steroidal saponins and polyphenols are the main active fractions of YE, they play an important role in its application. First of all, saponins can make better environment for digesting and absorbing due to their ammonia-inhabiting activity. Secondly, resveratrol can protect animals from diseases because of its antioxidant, antiviral, antiinflammatory and iNOS expression-inhibiting capability (Piacente et al. 2005) . Previous studies showed that body weights of birds fed on diet containing 120 mg/kg YE were higher than the others (Cabuk et al. 2004) , and addition of YE to the diet improved broiler's average daily gain and feed conversion rate at 42 day of age (Alfaro et al. 2007 ). In this study, 100 mg/kg YE treatment improved average gain and feed efficiency at days 28 to 42, furthermore, 100 and 200 mg treatments presented positive effects on feed efficiency in the whole experiment.
Immune cells develop and proliferate in immune organs, and their status determines the level of immune function. The thymus is a central immune organ that can induce the maturation of T lymphocyte. The spleen is the largest peripheral immune organ in birds and is the location where blood is produced, stored, filtrated and serves in distributing lymphocytes. It is also the place where immune response occurs. The bursa of Fabricius is a poultry unique immune organ, which can induce the lymphoid stem cells to mature in the bursa dependent lymphocyte. In our study, supplementation with YE did not result in any discernable effects on weight of these organs, but had a trend that low dose (100 and 200 mg/kg) can induce while high dose (300 mg/kg) reduce the immune organ indexes.
The cellular immune response (T cell mediated immunity) mainly depends on T cell immune response where the helper T cells (Th, CD4+) can promote the proliferation, differentiation and maturation of other immune cells. Suppressor T cells (Ts, CD8+) can secrete T cell inhibitory factor so that the body switches to immunosuppression. Their coordination and constraint can produce moderate immune response that regulates immune function of the body. Th or Ts takes CD4 or CD8 as the main surface differentiation antigen, respectively; whereas, sCD4 and sCD8 take the soluble form of CD4, CD8 scattered in peripheral blood. Under normal conditions, lymphocytes naturally release an amount of sCD4 and sCD8, but its secretion will have a significant change when infected with certain diseases. Therefore, sCD4, sCD8 may reflect the degree of activation of T lymphocytes and as signs of certain diseases or infection, and reflect the immune status more accurately than T cell sub-types. The humoral immune response (B cell mediated immunity) produces antibodies which can protect organisms from bacteria and virus (Mckee et al. 2007 ). IgG is the major antibody for systemic antiinfection, involves in mucosal immunity and is the primary antibody which eliminates bacteria and other large particles antigens in the blood vessels. ). Significant immunostimulation and protection to challenge are achieved by immunization of chickens with immunostimulating complexes contained purified saponins (Berezin et al. 2010 ).
In the present study, all the three YE treatments tended to decrease sCD4 and sCD8, except the 300 mg treatment decreased sCD4 at first and then increased it. The 100 mg/kg YE mainly increased IgG, and induced IgM along with the time gone, 200 mg treatment brought lower IgA and higher IgM, and 300 mg made IgA down. The results showed an adjustment effect of YE on the humoral and cellular immune responses, and 100 or 200 mg/kg YE had a positive effect. Animals produce free radicals in normal physiological processes like superoxide anion radicals (O2-·) and hydroxide radical (·OH). Excess radicals will damage the structure and function of sugars, proteins, nucleic acids and other biological macro molecules and membrane, resulting in functional and metabolic disorders. T-AOC is an index to measure the total antioxidative capacity of the antioxidant substances (antioxidant macro molecules, small molecules and enzymes). MDA, a product of lipid peroxidation, can be used as a general biomarker for biological oxidative stress (Kadiiska et al. 2005) . GSH-Px is considered to be the first line of cellular defense against oxidative damage (Ferreccio et al. 1998) . As the major organisms' antioxidative enzymes, CAT and SOD have strong radical scavenging activity. This confirms that radical formation and removal are in dynamic equilibrium. Methanol extract of Yucca gloriosa roots or Yucca aloifolia leaves exhibited strong radical scavenging activity (Bassarello et al. 2007; Sobia et al. 2013) . Kucukkurt et al. (2008) reported MDA levels in blood of the rats significantly decreased in groups fed diet added 100 or 200 ppm yucca powder compared to control. However, Oztasan et al. (2008) indicated YE-treatment increased MDA, but decreased the antioxidant activity. In addition, Yang et al. (2015) showed dietary YE did not affect SOD. In the current study, T-AOC and CAT were increased by supplementation of 200 and 300 mg/kg YE, and MDA was decreased by 300 mg/kg YE. However, all the groups fed YE demonstrated higher SOD levels compared to the control. These results suggest YE supplementation of chicken feed may be beneficial in the antioxidative functions of broiler chickens.
CONCLUSIONS
In conclusion, YE was capable to increase broiler's average gain and feed efficiency, adjust immune response including humoral and cellular immune responses, and had strong antioxidative activity. Therefore, yucca can be developed as a commercial source of natural additive in broiler chicken production.
